1/23 



o 




2/23 



CO 
CD- 
CM 



CVJ 

d 



CO 

en 



\ ULJ 



CD 
O 

cr 



g^LU 



o 
o 



o 
cm 



CM 
Csi 



o 

LU lu : 

o 

LU 

GO 



OO 

o 

CNJ 



o z z 
£2 < P 

£££ 



O 

CM 



C£ S pi 
I — o Q 
>7CQ 



CM 



Q_ 
I — 

o 

LU 

o 



CM 



LU 
O 
< 



o 
o 

CM 



<C uj 
SO 

o <c 

SI 

o 



o 

s - 

DC ^ 

O . LU 
Lu : OC 

i° 

LU O 
^ O LU 



Q 
Q 



O 
CM 



LO 

o 

CM 



Q 
O 

O 

3 
Q 
LU 
OQ 



CO 

o 

CM 



3/23 



FIG. 3 



c 



L 



START 



READ IMAGE 



7 



S301 



1 


r 


SEGMENT REGION 




f 


EXTRACT 
CIRCUMSCRIBED RECTANGLE 


) 


f 


EMBED 
DIGITAL-WATERMARK 




f 


GENERATE 
WATER-MARKED IMAGE 




r 



S303 



L 



S304 



S305 



OUTPUT 
WATER-MARKED IMAGE 



S306 



c 



END 



4/23 



FIG. 4 



c 



START 



5 



L 



INPUT 

WATERMARK INFORMATION 



^-S401 



— S402 



AO 



S403 



IS WATERMARK 



NO 



S406 



LAST BIT ? 



^^INFORMATION 1 

| YES r S404 




r S405 




INCLINE CIRCUMSCRIBED 
RECTANGLE IN 
COUNTERCLOCKWISE 
DIRECTION 


INCUNE CIRCUMSCRIBED 
RECTANGLE IN CLOCKWISE 
DIRECTION 












r 





5/23 




6/23 



FIG. 6 



ROBUSTNESS PRIORITY 

f 



DECREASE 



1 



g 



INCREASE 




THRESHOLD 1 



THRESHOLD 2 



1 



PHYSICAL LIMIT 



7/23 




8/23 



FIG. 8 



IMAGE-QUALITY PRIORITY 

f 



DECREASE 



l 



g 



INCREASE 




THRESHOLD 1 



THRESHOLD 2 



PHYSICAL LIMIT 



9/23 




10/23 



FIG. 10 



ROBUSTNESS PRIORITY 



DECREASE 



INCREASE 




THRESHOLD 1 



THRESHOLD 2 



PHYSICAL LIMIT 



11/23 




12/23 




14/23 

FIG. 1 4 



ABODE 



Po So Pi si 



FIG. 15 



SB DOB 



Po' So' P1' Si' 



15/23 



o> 

o. 



CO 
O 



CO 



>-2' — 

ill £3 



o 
o 



GO 
O 

cr 



CM 



2^t 
o z z 



o 

LU 
C/3 



CO 



Q 5 
1 1 1 Z 

(TOO 

o z z 

O UJ ^ 

qc a: }± 
o >< 



o 



CO 

o. 



5*^ z Z 



CQ 



CD 



O 



So 



O 

en ^ 

O LU 

LL. ; CSd 

g t- |— 

LU O — 

I— o m 

io ^ 



LO 

o 



CO 

o 



Q 

o 
o 
5 

Q 
LU 
GQ 



16/23 



FIG. 17 



c 



L 



START 



READ IMAGE 



7- 





r 


\ SEGMENT REGION 




r 


EXTRACT 
| CIRCUMSCRIBED RECTANGLE 




f 


EMBED 
DIGITAL-WATERMARK 




f 


GENERATE 
WATER-MARKED IMAGE 




f 



S1301 



S1302 



S1303 



L 



S1304 



S1305 



OUTPUT 
WATER-MARKED IMAGE 



7 s1 



306 



17/23 



FIG. 1 8 



( START } 



L 



INPUT 

WATERMARK INFORMATION 



7- 



S1401 



SELECT BIT 



S1402 



S1403 

IS WATERMARK NO 




S1404 



EMBEDDING BY 
CHANGING 
INCLINATION ANGLE 



INCLINE CIRCUMSCRIBED 
RECTANGLE IN CLOCKWISE 
DIRECTION 



S1406 




X 



S1405 



INCLINE CIRCUMSCRIBED 
RECTANGLE IN 
COUNTERCLOCKWISE 
DIRECTION 



C 



END 



18/23 




19/23 



FIG. 20 



REPETITION 
NUMBER 


IMAGE-QUALITY 
PARAMETER 


EMBEDDING CAPACITY 


3 = 


ni 


2 = 


qi 


200 


11 


4 


2 


125 


5 


n 2 


2 




76 


l 2 


6 


2 


61 


7 


n3 


2 


Q3 


48 


"3 


8 


2 


40 


9 


n 4 


2 


Q4 


33 


u 


10 


2 


28 


11 


ns 


2 


Q5 


24 


Is 


12 


2 


21 


13 




2 


Q6 


18 


la 


14 


2 


15 


15 


n7 


2 




13 


h 


16 


2 


11 


17 


ns 


2 


Q8 


9 




18 


2 


8 


19 


ng 


2 




6 


>9 


20 


2 


4 


21 


"10 


2 


Q10 


3 


ho 



20/23 



FIG. 21 



EMBEDDING 
STRENGTH 


REPETITION 
NUMBER 


IMAGE-QUALITY 
PARAMETER 


EMBEDDING 
CAPACITY 


1 


ni 


Ql 


h 


2 


n 2 


<J2 




3 


n3 


Q3 


l 3 


4 


n 4 


Q4 


l4 


5 


"5 


Q5 


l 5 


6 


n6 


qe 


l 6 


7 


n7 


q7 


I? 


8 


"8 




Is 


9 


n9 


q9 


l 9 


10 


nio 


qio 


"10 



21/23 




22/23 




23/23 



FIG. 24 



ABODE 



(D t (2) 



